S o far, most studies on renal function in children with advanced protein-energy malnutrition have shown an impairment of glomerular filtration rate and renal plasma flow, as well as diminished ability to excrete an acid load and a concentrated urine. Investigation of these functions in eight marasmic infants and eight children with kwashiorkor once they were free of obvious infections and acute electrolyte disturbances has shown a practically normal renal performance.
Summary
S o far, most studies on renal function in children with advanced protein-energy malnutrition have shown an impairment of glomerular filtration rate and renal plasma flow, as well as diminished ability to excrete an acid load and a concentrated urine. Investigation of these functions in eight marasmic infants and eight children with kwashiorkor once they were free of obvious infections and acute electrolyte disturbances has shown a practically normal renal performance.
Speculation
Advanced protein-energy malnutrition does not per se cause renal dysfunction, which rather appears to be due to the usual complications of malnutrition. Various abnormalities in kidney function have been described in chronic, severe, protein-energy malnutrition. Those most frequently found are a diminished glomerular filtration rate and renal plasma flow, an impairment of renal concentrating ability, and a decreased capacity to excrete a maximally acid urine after an ammonium chloride load (2, 8, 10) . However, normal values for various functions (4, 7, 9, 17) have been found in malnutrition not complicated by gastrointestinal or respiratory infections. Present results support the latter notion.
PATIENTS AND METHODS
Eight infants with nutritional marasmus and an equal number of children with kwashiorkor (20) . twelve of them males. as well as five nonmalnourished control subjects were studied. Age of the marasmic infants ranged from 3 to I I months with an average of 5.9 k 2.8 months; range for kwashiorkor was 17 to 47 months. averaging 25.6 + 10.9 months. Tests were performed 4 to 12 days after hospital admission: at that time. all subjects appeared to be free of complicating diseases as judged by clinical and bacteriological means and were beginning to eat a normal diet.
Glomerular filtration rate as well as effective renal plasma flow, were measured simultaneously by clearance of a sin le IV load of ll"nlln-DPTA (60 to 70pCi/kg body weight) and of f2'I]Hippuran (10 pCi), respectively. as described elsewhere (12. 19) .
Renal acidifying ability was studied after a single PO load of ammonium chloride high enough to reduce plasma CO? to 15 mEq/liter. It must be recalled that normal values in Mexico City are lower than at sea level (16) . All urine samples voided after the load were collected separately for measurement of pH. titrable acidity. C02 contents. and ammonium. Hydrogenion excretion was estimated as the sum of titrable acidity plus ammonia minus CO,.
For assessment of urine concentrating capacity. the subjects were submitted to fluid restriction by providing a concentrated milk formula during 16 to 18 hr: if body weight loss was higher than 5%). the test was interrupted. Urine and blood serum osmolality was measured at the beginning and end of the test.
The randomization test for matched pairs and Mann-Whitney U test were applied to the results (18) .
RESULTS
Values for glomerular filtration rate and effective renal plasma flow, corrected for 1.73 m' . are presented in Tables 1 and 2. Clearly, individual values fall within normal ranges (3. 2 1).
As shown in Table 3 . all values for total hydrogenion excretion are also within normal ranges (5, 6, 13) , although maximal excretion was slower than normal in the malnourished subjects (Fig. I ) . Ammonium accounted for 45 to 55% of the total excreted hydrogenions.
Serum and urine osmolality rose significantly during the water deprivation test (Figs. 2 and 3) . Although control subjects achieved higher urine osmolalities, in both types of malnutrition they were well within normal ranges. Only two marasmic infants showed a low concentrating capacity (Table 4) .
DISCUSSION
The data herein reported show that in Mexican children with severe protein-energy malnutrition, renal functions are essentially normal.
As seen in hospital wards. this disease is usually complicated by the clinical status, particularly regarding infectious complications of malnutrition, is not always clearly stated. Our subjects had completely recovered from any acute electrolyte disorders and were free of clinically obvious infections throughout the study. An improvement of their nutritional status cannot be expected in such a short time with the realimentation procedures used.
In previous reports on deficient renal function in severely malnourished subjects, the findings have been variously explained. Thus, a low cardiac output causing renal hernodynamic changes (1. 2, 9). depletion of intracellular electrolytes (1 1, 15) . as well as a decreased kidney size (14) have all been postulated. Inasmuch as none of these factors is necessarily present in all cases of severe malnutrition (4. 7. 9. 17) . their simultaneousness or their coexistence with moderate or severe diarrheal dehydration may have been the cause of the discrepant findings in other series.
